Objectives: To estimate the prevalence of infection with Mycobacterium tuberculosis and the annual risk of infection (ARTI) and to compare with the prevalence of tuberculosis over study clusters and households.
Introduction
Tuberculosis control activities in Vietnam started in 1957, and the Vietnam National Tuberculosis Control Program (NTP) is based on the principles of the DOTS strategy recommended by the World Health Organization (WHO). 1 The annual risk of tuberculous infection (ARTI) measures the extent to which transmission of Mycobacterium tuberculosis has occurred in the recent past in the community. 2, 3 The ARTI is calculated from tuberculin surveys. Even though direct estimation of the incidence rate from the ARTI is problematic, the trend in ARTI may reflect the trend in TB transmission and thus TB prevalence. 4, 5 In Vietnam, from 1986 onwards, several local and regional tuberculin surveys were done. 6 Although these tuberculin surveys provided useful information about trends in TB transmission, these surveys were not nationally representative, were carried out in small geographic areas with different BCG vaccination coverage rates, included pupils aged 6-8 years in selected schools only, and used different tuberculin. 7 In 2006-2007, the Vietnam NTP implemented a combined TB prevalence and tuberculin survey aimed at providing the Vietnam NTP with information on the size of the TB problem in order to assist the planning of TB control. 8 This paper aims to estimate the prevalence of infection with M. tuberculosis and ARTI in a nationally representative sample of children and to compare the prevalence of infection to the prevalence of TB at household and district level.
Methods

Study setting and population
We conducted a population-based, cross-sectional TB prevalence survey, combined with a tuberculin survey, from September 2006 to July 2007, including 94,179 adults (15 years or older) and 23,160 children aged 6 to 14 years old. Seventy clusters were selected proportional to the population size as recorded in 1999, stratified by urban, rural and remote areas. Details about the design of the prevalence survey were reported previously. 8 All children aged between 6 to 14 years in the same 70 clusters were included in the survey for tuberculin skin testing (TST).
Survey procedures
In each cluster, during the first two days, a census was done and the census register was completed for all registered children between 6 and 14 years old, including their school and class. For each class in each school in the community that had children included in the census register, a list of children occurring in the census register was prepared. TST administration and reading were done for children in this list. Children who did not attend school or a school outside the commune were invited to come to the community health post for testing and reading on selected days.
Tuberculin skin test
Tuberculin testing was performed by trained health survey teams, following the international guidelines using two tuberculin units (TU) of purified protein derivative (PPD) RT23 with Tween 80 (State Serum Institute, Copenhagen, Denmark). 9 Children with skin rash on both forearms, fever, those on anti-tuberculosis treatment or whose parents/guardians did not agree to test were excluded. First, BCG status was recorded as the presence of a typical scar. The test was then administered in the dorsal left forearm with 0.1 ml of PPD RT23/Tween 80 containing 2 TU and the diameter of the reaction was measured with a transparent ruler after 72 hours (3 days) by trained survey teams.
Data management and analysis
All data were double-entered in EpiData; discrepancies were checked against the raw data. Data analysis was performed using Stata v10SE (Stata Corporation, College Station Texas, USA). A positive TST was defined as duration of 10 mm. We estimated the ARTI among children with stratification by BCG status, sex, age, area, zone and socio economic status (SES). The ARTI was calculated as ARTI = 1 -(1 -P)
1/ā , where P is the prevalence of infection, and ā is the mean age at last birthday plus 0.5 years of the study group. We investigated factors associated with prevalence of infection by univariate and multivariate logistic regression analysis, and assessed the univariate association between positive TST and presence of TB cases in the household. We analyzed the association between prevalence of TST positive and the prevalence of TB disease by plotting them at cluster level and by linear regression taking, per district, the prevalence of TB disease as outcome variable and the prevalence of TST positive as independent variable, controlling for potential confounders and stratifying by relevant variables, such as geographical zone, urban, and SES. The cut-off level of 10 mm used for defining infection prevalence may provide incomplete specificity for latent TB infection and thereby biased estimates for the associations. We therefore repeated the analyses using a cut-off level of 17 mm, which is considered to have higher specificity. 6 In all analyses, population weights were applied to adjust for the stratified sampling design, for differences between clusters in population growth since 1999, and for differential cluster size. 8 The prevalence of infection estimates and 95% confidence intervals were calculated using the Stata "svy" commands. Presence of TB disease within households was defined as 'current' if it contained a patient detected by the survey, (both smear positive and culture positive), 8 as 'recent' if at least one of the household members reported having been treated for TB in the 2 years preceding the survey, or as 'no disease' otherwise.
Ethical approval
The Research Board of the National Hospital for Tuberculosis and Respiratory Diseases in Hanoi gave scientific and ethical clearance to implement the study. 8 During the census of the survey (one to three days before testing), parents were informed about the purpose of the survey by the survey field team including the risks and the benefits of the study. It was clearly explained that they had all rights to refuse participation and that they could withdraw at any point in time. Pamphlets containing information on the purpose of the survey, characteristics of the TST test, the right to refuse, dates of testing and reading were also provided to parents/guardians of the children. All parents were subsequently asked for informed consent.
Results
A total of 23,160 children aged 6-14 years were included in the census register. Of these, 22,585 children (98.7%) were present at the testing day and 22,427 (96.8%) were injected with tuberculin. Reaction sizes were measured for 21,487 children (92.8%). The mean duration from injecting to reading was 2.94 days (95% CI: 2.93-2.95 days). (Figure 1 ) These children were included in the data analyses, unless specified differently. The mean age was 10. The prevalence of infection significantly increased with age and was higher in urban (21.1%) than in remote (15.5%) and rural areas (16.4%) (p=0.034) for urban areas compared to rural and remote areas taken together). The prevalence of TST positive was also higher in South (19.8%) than in North (15.9%) and Central Vietnam (15.0%) (p=0.008 for the South compared to North and Central Vietnam taken together). There was no difference in the prevalence of TST positive between different SES ( Table 1) . The results of multivariate analysis, adjusted for BCG scar, sex, age, areas (urban, rural, remote) and zones (North, Center, South) of residence and SES are shown in Table 2 . The prevalence of TST positive was lower in the group without a BCG scar than in the group with BCG scar (OR=0.65; 95% CI: 0.58-0.73), in girls than in boys (OR=0.89; 95% CI: 0.83-0.96); and in the middle and highest than in lowest SES classes (OR = 0.89; 95% CI: 0.81-0.97 and 0.88; 95% CI: 0.80-0.97, respectively). The prevalence of TST positive was higher in the South than in the North (OR=1.28, 95% CI: 1.18-1.40), in urban than in rural areas (OR = 1.47; 95% CI: 1.34-1.62). When we applied a cut-off 17 mm, we found similar adjusted odds ratios in the multivariate model for BCG status, sex and age. The association between TST positive prevalence and urban compared to rural areas became more pronounced (OR=1.74, 95% CI 1.4-2.1), the association with zone changed (Central versus Northern, OR 1.32, 95%CI: 1.07-1.64; Southern versus Northern, OR 1.01), and the association with SES disappeared completely (middle versus low, OR 0.97; high versus low, OR 1.02). (Data not shown) Table 3 presents the relationship between TST result and the presence of current or recent TB in the household. As expected, the proportion of children having a positive TST was higher in the households with current or recent TB than in households in which no TB cases had occurred recently (OR=1.6, 95%CI: 1.3-2.0); this effect was more pronounced when a cut-off 17 mm was used (OR 2.5). There was no significant difference in the proportion of positive TSTs in households with current and recent TB cases, regardless of the cut-off used (Table 3) . Figure 3 presents the relationship between logarithm of prevalence of TB and logarithm of ARTI by clusters. Linear regression analysis regressing the logarithm of the TB disease prevalence against the logarithm of the ARTI for each cluster showed a significant association (regression coefficient 0.54, 95%CI: 0.06-1.01, p=0.027, correlation coefficient R 2 0.120) between prevalence of TB and ARTI after adjustment for area and zone of residence and SES. Thus the prevalence of TB increases by 54% for every 100% of increase in ARTI. For a cut-off 17 mm the regression coefficient was 0.28 (95%CI 0.05-0.50, p=0.019, R 2 0.129). (Data not shown).
Discussion
In this nationwide tuberculin survey, we estimated the prevalence of tuberculosis infection in Vietnam at 16.7%, and the ARTI at 1.7% using a fixed cut-off point of 10 mm. The prevalence of TST positive and ARTI were higher in urban than in rural and remote areas, lower in the North than in the Centre and/or the South of Vietnam and increased with age. It was not or only weakly associated with SES, depending on the TST cut-off used. We found a significant association between the prevalence of infection/ARTI and the prevalence of tuberculosis at cluster level. Previously we reported the distribution of the prevalence rates of TB from the same survey and its association with SES. 8, 10 There were some striking differences in patterns: the prevalence of TST positive and ARTI were highest in urban areas whereas the prevalence of TB did not differ between urban, rural and remote areas. While the prevalence of TB decreased significantly with increasing level of SES, there was no strong association between the prevalence of TST positive and SES. A potential explanation is that the prevalence of infection measured in this survey is the result of cumulative exposure over an average of 10.8 years, while the TB prevalence in the clusters with a small number of TB cases is expected to vary randomly depend on the time of the survey. In addition, some TST positive attributable to mycobacteria other than tuberculosis (MOTT) and therefore not associated with TB exposure. Results from repeated tuberculin surveys in Vietnam show a declining trend in ARTI in 3 out of 5 sentinel provinces between surveys done from 1993 to 1997 and from 1998 to 2002, respectively. Using a cut-off point of 10mm, the average of the ARTI estimated from 7 tuberculin surveys done in the period 1986-1994 was 1.7%. 7 In the current survey, we found the ARTI also to be 1.7%. However, data from previous studies cannot be compared to the data of the present study, since these previous surveys were done in small geographical areas and were not representative for the country as a whole. In our population of children, 84.2% had a BCG scar and since in Vietnam is known for a high BCG vaccination coverage rate and increased with time 6, 11 . Therefore a high proportion of the children without a BCG scar were probably vaccinated at birth without developing a scar. Separate analysis of the frequency distributions of induration sizes of children with and without a BCG scar showed that these were quite similar ( Figure 2 ) though a significantly higher proportion of the children without a scar showed no reaction to tuberculin than among children with a scar (56.0% vs 43.1%, respectively, p<0.001). Therefore, we have combined both groups, as is recommended in the most recent guidelines on the conduct of tuberculin surveys. 12 Several studies have demonstrated that the BCG given at birth has no or little effect on the TST result in children. [13] [14] [15] [16] However, in this study, we found that the prevalence of infection was significantly higher in children with BCG scar than among children without BCG scar, this association was remain observed after adjusted for age, sex, area, zone and SES. In line with the literature, we observed that the prevalence of TST positive increased with age, [17] [18] [19] [20] [21] presumably because older children were at risk of TB infection for a longer period of time. 18 The same pattern was observed when we took 17 mm as the cut-off for defining TB infection. Many previous studies have shown a relation between the rate of transmission of tubercle bacilli and the number of sources of infection in the community. 19, 22 Our study found an association between TST positive and the presence of TB patients in the household. The risk of being TST positive was significantly higher in households with TB patients than in households without TB patients (1.6-2.5 times, depending on the TST cut-off used from 10 to 17mm). There was no significant difference in the risk of a positive TST in households with current (identified in the survey) compared to recent TB cases (identified by passive case finding), regardless of the cut-off value used. This indicates that those found in the prevalence survey (active case finding) are as infectious as passively detected TB cases, whereas almost half of these did not (yet) report persistent productive cough, and are thus missed with the current NTP screening guidelines. This suggests that active case finding to find non-symptomatic TB cases may be needed to substantially reduce TB transmission in the Vietnamese population. The association between the prevalence of TB and the prevalence of TST positive by cluster was as expected. Since the regression was on a logarithmic scale, the association translates into an increase in prevalence of TB by 32% from 145 to 191/100,000 if the observed ARTI of 1.67% would increase by a full percentage point to 2.67 (based on a TST cut-off of 10 mm). However, the R-square values were small, suggesting that only a small proportion of the observed variation in TB prevalence rates can be explained by the prevalence of TST positive. The association between prevalence of TB and prevalence of infection have causal chain, as in community have high TB prevalence leads to high prevalence of infection because of transmission, and in contract, high prevalence of infection leads to high TB incidence and thus TB prevalence. Future studies should investigate a potential association between these rates more thoroughly. For identified tuberculosis positive, we choose 10 mm as cut-off point. However, considering the association of TB infection prevalence with BCG vaccination status and the relatively high ratio of TB infection prevalence per prevalent TB patient, the 10 mm cut-off point may include nonspecific reactions. We therefore conducted the analysis using cut-off points 17 mm, in multivariable analysis, the significant difference in TB infection prevalence between zone (Southern versus Northern) and between difference levels of SES were disappeared. This may be explained by cross-reactions being more frequent in the South than in the North in Vietnam, probably reflecting a difference in the prevalence of MOTT, which may also be associated with SES. The strength of this survey is that it included a nationwide, representative sample, combined with the national tuberculosis prevalence survey with a high participation rate (92.8%) compared with others. 19, 23, 24 Our study had limitations. First, the annual risk of infection as calculated from tuberculin surveys requires several assumptions, such as the risk of acquisition of infection is constant over time, and the risk of acquisition of infection in children is the same as that in the rest of the population, and these assumptions are questionable in a rapidly changing country as Vietnam. 12 Second, all tuberculin surveys face methodological difficulties in interpretation of their results. 22 Third, nonspecific reactions resulting from infection with MOTT and BCG occur at different proportions in the three geographical zones of Vietnam. 4, 12 Fourth, our data show strong digit preference in TST reading. 25 Fifth, it is difficult to obtain a useful and valid cut-off point, especially if the TST results show no clear bimodal distribution as in our study. 22 Finally, this was a cross-sectional survey, thus, although we showed that there is an association between TB infection in children and presence of a TB case in the household, our data do not provide clues about where and by whom the children were infected nor which of the children will get TB.
Conclusions
This is a report of the first nationwide tuberculin survey in Vietnam. Using a cut-off point of 10 mm, the estimated ARTI was 1.7% in the whole country. Children living in households with a recent TB patient had a higher probability of being infected with M. tuberculosis than children belonging to households were no recent TB cases were identified. Although our data indicate that there an association between the prevalence of TST positive and ARTI with the prevalence of TB, this association needs more investigation. Without BCG scar present, n=17757 
